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(54) [Title of the Invention] Organic Electroluminescent Element 

(57) [ABSTRACT] 

[Constitution] An organic electroluminescent element including, on a substrate, at least 
an organic hole transporting layer and an organic light-emitting layer that are 
sandwiched by an anode and a cathode, characterized in that the organic hole 
transporting layer is composed of a mixture of two or more aromatic amines, and that 
the organic light-emitting layer includes a mixture of an aluminum complex with an 8 - 
hydroxyquinoline as a ligand and a metal complex with an 8 - hydroxyquinoline as a 
ligand and a metal different from aluminum as a central metal. 
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[Advantageous Effect] 

Since the specific compounds are mixed and used for each of the organic hole 
transporting layer and the organic light-emitting layer, large-area light sources without 
defects such as short circuits and matrix driving dot panels without defects in display 
can be obtained. 
[Scope of Claims] 

[Claim 1] An organic electroluminescent element comprising, on a substrate, at 

least an organic hole transporting layer and an organic light-emitting layer that are 
sandwiched by an anode and a cathode, characterized in that the organic hole 
transporting layer is composed of a mixture of two or more aromatic amines, and that 
the organic light-emitting layer includes a mixture of an aluminum complex with an 8 - 
hydroxyquinoline as a ligand and a metal complex with an 8 - hydroxyquinoline as a 
ligand and a metal different from aluminum as a central metal. 

[Claim 2] The organic electroluminescent element according to Claim 1, wherein 

the metal different from aluminum is zinc, beryllium, or magnesium. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to an organic electroluminescent element, and more 
specifically to a thin film device that emits light by applying an electric field to a 
light-emitting layer composed of an organic compound. 
[0002] 

[Prior Art] Conventionally, as a thin-film electroluminescent (EL) element, an EL 
element that has an inorganic material of a II-VI compound semiconductor, such as ZnS, 
CaS, or SrS, doped with Mn or a rare-earth element (Eu, Ce, Tb, Sm, or the like) that 
serves as a luminescent center is common. However, EL elements manufactured from 
the inorganic materials described above have the problems of: 

1) alternating driving required (50 to 1000 Hz) 

2) high driving voltage (to 200 V) 

3) difficulty in full color (in particular, problems with the blue colors) 

4) high cost of peripheral driving circuits. 

[0003] However, in these days, EL elements using organic thin films have been 
developed in order to improve the problems described above. In particular, in order to 
enhance the luminous efficiency, the type of electrode is optimized for the purpose of 
improving the efficiency of carrier injection from the electrode, and the development of 
an organic electroluminescent element provided with an organic hole transporting layer 
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composed of an aromatic diamine and an organic light-emitting layer composed of an 
aluminum complex with an 8 - hydroxyquinoline (Appl. Phys. Lett., vol. 51, p. 913 
(1987)) significantly improves the luminous efficiency, as compared with a 
conventional electroluminescent element using a single crystal such as anthracene, to 
approach practical characteristics. 

[0004] In addition to the low molecular-weight materials as described above, polymer 
materials such as poly (p - phenylenevinylene) (Nature, Vol. 347, p. 539 (1990); Appl. 
Phys. Lett., Vol. 61, p. 2793 (1992)), poly [2-methoxy, 5 - (2' - ethylhexoxy - 1, 4 - 
phenylenevinylene)] (Appl. Phys. Lett., Vol. 58, p. 1982 (1991); Thin Solid Films, Vol. 
216, p. 96 (1992); Nature, Vol. 357, p. 477 (1992)), and poly (3 - alkylthiophene) (Jpn. J. 
Appl. Phys, Vol. 30, p. L1938 (1991); J. Appl. Phys., Vol. 72, p. 564 (1992)) has been 
developed as materials for organic light-emitting layers, and an element in which low 
molecular-weight luminescent and electron-transfer materials are mixed in a polymer 
such as polyvinylcarbazole (Applied Physics, Vol. 61, p. 1044 (1992)) has been also 
developed. 
[0005] 

[Problem to be solved by the Invention] Since the organic layers have a quite thin film 
thickness of 1 |im or less in the organic electroluminescent elements disclosed so far, 
when the display area of the element is made larger or the number of dots is increased in 
a display panel that has a dot matrix structure, a short circuit occurs due to a film defect 
or dust to lead that light is not emitted by the whole in a large-area light source, or that a 
non-selected dot emits light or a non-selected row or column all emits light due to the 
occurrence of short-circuited dot in a dot matrix panel, in particular, in a simple matrix 
panel. Due to the reason described above, it is the actual situation that has big 
problems for applications of the organic electroluminescent elements to large-area 
displays and light sources. 
[0006] 

[Means for Solving the Problem] In view of the above-described actual situation, keen 
examination of the inventors for the purpose of providing an organic electroluminescent 
element that is capable of inhibiting short circuit occurrence in the element in 
applications thereof to large-area light sources and display panels of a lot of dots has 
found that it is suitable that an organic hole transporting layer is composed of a mixture 
of at least two kinds of specific aromatic amine compounds and an organic 
light-emitting layer is composed of a mixture of specific metal complexes with 8 - 
hydroxyquinolines to lead to completion of the present invention. 

[0007] More specifically, the subject matter of the present invention consists in an 
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organic electroluminescent element including, on a substrate, at least an organic hole 
transporting layer and an organic light-emitting layer that are sandwiched by an anode 
and a cathode, characterized in that the organic hole transporting layer is composed of a 
mixture of two or more aromatic amines, and that the organic light-emitting layer 
includes a mixture of an aluminum complex with an 8 - hydroxyquinoline as a ligand 
and a metal complex with an 8 - hydroxyquinoline as a ligand and a metal different 
from aluminum as a central metal. 

[0008] An organic electroluminescent element according to the present invention will be 
described below in accordance with the accompanying drawings. FIG 1 is a 
cross-sectional view schematically showing a structure example of an organic 
electroluminescent element according to the present invention, where reference 
numerals 1, 2, 3, 4, and 5 denote a substrate, an anode, an organic hole transporting 
layer, an organic light-emitting layer, and a cathode, respectively. The substrate 1 
serves as a support for the organic electroluminescent element according to the present 
invention, for which a quartz or glass plate, a metal plate or metal foil, a plastic film or 
sheet, or the like is used. However, it is preferable to use a glass plate or a transparent 
synthetic resin substrate such as polyester, polymetaacrylate, polycarbonate, or 
polysulfone. 

[0009] The anode 2 is provided on the substrate 1, which is typically composed of a 
metal such as aluminum, gold, silver, nickel, palladium, or tellurium; a metal oxide such 
as an indium and/or tin oxide; a copper iodide; carbon black; a conductive polymer such 
as poly (3 - methylthiophene); or the like. It is often the case that the anode is formed 
typically by sputtering, vacuum deposition, or the like. However, in the case of 
particles of a metal such as silver, a copper iodide, carbon black, particles of a 
conductive metal oxide, fine powder of a conductive polymer, and the like, the anode 
can be also formed by dispersing the particles, fine powder, or the like in an appropriate 
binder resin solution and applying the solution on the substrate. Further, in the case of 
a conductive polymer, a thin film can be formed directly on a substrate by electrolytic 
condensation or formed by coating on a substrate (Appl. Phys. Lett., vol. 60, p. 2711 
(1922)). For the anode described above, different substances can also be laminated. 
The thickness of the anode 2 differs according to needed transparency. When 
transparency is needed, it is preferable that the visible light transmission is 60 % or 
more, preferably 80 % or more, and in this case, the thickness is typically on the order 
of 5 to 1000 nm, preferably on the order of 10 to 500 nm. 

[0010] When no transparency is needed, the anode 2 may be the same as the substrate 1. 
In addition, for the anode described above, different substances can also be laminated. 



In the example of FIG 1, the anode 2 serves for hole injection, while the cathode 5 
serves for injecting electrons into the organic light-emitting layer 4. For a material to 
be used as the cathode 5, the materials for the anode can be used. However, metals 
that have low work functions are preferable in order to carry out electron injection 
efficiently, and appropriate metals such as tin, magnesium, indium, aluminum, and 
silver; or alloys thereof are used. The cathode 5 typically has a film thickness on the 
same order as that of the anode 2. In addition, not shown in FIG 1, the same sort of 
substrate as the substrate 1 can also be further provided on the cathode 5. However, it is 
necessary for the organic electroluminescent element that at least one of the anode 2 and 
the cathode 5 has good transparency. Accordingly, it is preferable that one of the 
anode 2 and the cathode 5 has a film thickness of 10 to 500 nm and desirably has good 
transparency. 

[0011] The organic hole transporting layer 3 is provided on the anode 2, which is 
formed by using a compound that is capable of transporting holes from the anode 
toward the organic light-emitting layer efficiently between the electrodes with an 
electric field applied. The compound to be used for the organic hole transporting layer 
needs to be a material that has a high efficiency of injecting holes from the anode 2 and 
is capable of transporting the injected holes efficiently. Therefore, a compound is 
required which has a small ionization potential, even has a large hole mobility, further 
has great stability, and is not likely to produce impurities leading to traps in 
manufacturing and in use. As such a hole transporting compound, aromatic amine 
compounds and the like are cited which are represented by, for example, an aromatic 
diamine compound coupled with a tertiary aromatic amine unit such as 1, 1 - bis (4 - di - 
p - tolylaminophenyl) cyclohexane (Japanese Patent Laid-Open No. 59-194393); an 
aromatic amine that includes two or more tertiary amines and has two or more fused 
aromatic rings substituted for nitrogen atoms, which is represented by 4, 4' - bis [N - 1 - 
naphthyl) - N- phenylamino] biphenyl (Japanese Patent Laid-Open No. 5-234681); an 
aromatic triamine that is a derivative of triphenylbenzene and has a starburst structure 
(U.S. Patent No. 4,923,774); an aromatic diamine such as N, N' - diphenyl - N, N' - bis 
(3 - methylphenyl) - (1, V - biphenyl) - 4, 4' - diamine (U.S. Patent No. 4,764,625); a, 
a, a', a' - tetramethyl - a, a' - bis (4 - di - p - tolylaminophenyl) - p - xylene (Japanese 
Patent Laid-Open No. 3-269084); a triphenylamine derivative that is sterically 
asymmetrical as a whole (Japanese Patent Laid-Open No. 4-129271); a compound that 
has a plurality of aromatic diamino groups substituted for pyrenyl groups (Japanese 
Patent Laid-Open No. 4-175395); an aromatic diamine that has a tertiary aromatic 
amine unit coupled with an ethylene group (Japanese Patent Laid-Open No. 4-264189); 
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an aromatic diamine that has a styryl structure (Japanese Patent Laid-Open No. 
4-290851); a tertiary amine unit coupled with a thiophene group (Japanese Patent 
Laid-Open No. 4-304466); a starburst aromatic triamine (Japanese Patent Laid-Open No. 
4-308688); a benzylphenyl compound (Japanese Patent Laid-Open No. 4-364153); a 
tertiary amine coupled with a florene group (Japanese Patent Laid-Open No. 5-25473); 
a triamine compound (Japanese Patent Laid-Open No. 5-239455); 
bisdipyridylaminobiphenyl (Japanese Patent Laid-Open No. 5-320634); a N, N, N - 
triphenylamine derivative (Japanese Patent Laid-Open No. 6-1972); an aromatic 
diamine that has a phenoxadine structure (Japanese Patent Application No. 5-290728); 
and a diaminophenylphenanthridine derivative (Japanese Patent Application No. 
6-45669). 

[0012] As a more important condition required for the compound to be used for the 
organic hole transporting layer, the formation of a stable amorphous thin film is cited. 
This is a condition required for suppressing occurrence of film defects in the organic 
hole transporting layer and further for stable operation of the organic electroluminescent 
element over long periods. Studies on degradation of an organic electroluminescent 
element by the inventors have found as one major cause that an organic hole 
injecting/transporting layer changes from a uniform film state to an island-shaped 
nonuniform state with time. For example, N, N' - diphenyl - N, N' - (3 - 
methylphenyl) - 1, 1* - biphenyl - 4, 4' - diamine (generally abbreviated as TPD) is 
made to be a thin film on the order of 200 nm in film thickness on a glass substrate by 
using a vacuum deposition method. This thin film is a uniform transparent film shortly 
after the deposition. However, in a month, the film being obscure is obviously 
observed even by visual observation. X-ray diffraction measurement for this obscure 
film has proved that the film is crystallized. 

[0013] Since many organic compounds in solid states are molecular crystals like the 
above-described example, it is a commonly observed phenomenon that, even when a 
thin film is amorphous shortly after forming the thin film, the film is crystallized more 
as time goes by. In general, whether or not such crystallization occurs depends heavily 
on the molecular structure, and it is possible to design a hole transporting compound 
that is unlikely to crystallize by introducing a substituent (a carbazole group, a t-butyl 
group, a phenyl group, a biphenyl group, and the like) to be large steric hindrance or 
increasing the molecular weight (preferably 500 or more). However, there is a 
possibility that problems such as decreased hole mobility and coloring will occur. In 
addition, it seems to be difficult to completely prevent crystallization in a thin-film state 
even by such molecular design. 



[0014] Keen examination of the inventors on a method for preventing crystallization in 
this thin-film state has found that crystallization can be prevented by mixing two or 
more aromatic amine compounds. It is believed that this is because crystallization 
force between identical compounds is weakened due to significant decrease in 
symmetry as a whole for a thin film composed of a mixture of two compounds. 
Further, the use the same type of aromatic amine compounds has the advantages that the 
mobility is little decreased even in a mixed state and traps are unlikely to be produced. 
[0015] In the present invention, the organic hole transporting layer described above is 
composed of two or more aromatic amine compounds so that no crystallization occurs. 
As a result, a uniform thin film can be kept over a large area. The organic hole 
transporting layer according to the present invention is characterized by being 
composed of a mixture of two or more compounds selected from aromatic amine 
compounds preferably represented by the following general formulas (I) to (V). 
[0016] 

[Chemical Formula 1] 

[0017] (In the formula, XI is a bivalent hydrocarbon residue that may have a substituent 
or direct binding, Ar 1 , Ar 2 , Ar 3 , and Ar 4 are each independently an aryl group, a 
biphenyl group, or an aromatic hetelocycle group that may have a substituent, and R 1 , 
R 2 , R 3 , and R 4 are each independently a hydrogen atom; a halogen atom; a hydroxyl 
group; or a saturated or unsaturated aliphatic hydrocarbon group, an aromatic 
hydrocarbon group, an alkoxycarbonyl group, an alkoxy group, an aryloxy group, a 
dialxylamino group, or a diarylamino group that each may have a substituent.) 
[0018] 

[Chemical Formula 2] 

[0019] (In the formula, X 2 is a bivalent hydrocarbon residue or a carbonyl group that 
may have a substituent, Ar 5 , Ar 6 , Ar 7 , and Ar 8 are each independently an aryl group, a 
biphenyl group, or an aromatic hetelocycle group that may have a substituent, and R 5 , 
R 6 , R 7 , and R 8 are each independently a hydrogen atom; a halogen atom; a hydroxyl 
group; or a saturated or unsaturated aliphatic hydrocarbon group, an aromatic 
hydrocarbon group, an alkoxycarbonyl group, an alkoxy group, an aryloxy group, a 
dialxylamino group, or a diarylamino group that each may have a substituent.) 
[0020] 

[Chemical Formula 3] 

[0021] (In the formula, Y and Z are each independently an oxygen atom or a sulfur 
atom, and R 9 to R 22 are each independently a hydrogen atom; a halogen atom; a 
hydroxyl group; or a saturated or unsaturated aliphatic hydrocarbon group, an aromatic 
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hydrocarbon group, an alkoxy group, an aryloxy group, a dialxylamino group, or a 

diarylamino group that each may have a substituent.) 

[0022] 

[Chemical Formula 4] 

[0023] (In the formula, A 9 to A 12 are each independently an aryl group, a biphenyl 

21 27 

group, or an aromatic hetelocycle group that may have a substituent, and R to R are 
each independently a hydrogen atom; a halogen atom; a hydroxyl group; or a saturated 
or unsaturated aliphatic hydrocarbon group, an aromatic hydrocarbon group, an 
alkoxycarbonyl group, an alkoxy group, an aryloxy group, a dialxylamino group, or a 
diarylamino group that each may have a substituent.) 
[0024] 

[Chemical Formula 5] 

[0025] (In the formula, X 2 is a trivalent hydrocarbon residue that may have a substituent 
or a nitrogen torn, and Ar 13 to Ar 18 are each independently an aryl group, a biphenyl 
group, or an aromatic hetelocycle group that may have a substituent.) In the general 
formula (I), X 1 is preferably an alkylene group that may have a substituent, such as 
-CH 2 -, -CH2-CH2-, or -CH2CH2CH2-; a cycloalkylene group such as a cyclohexylene 
group; an alkenylene group that may have a substituent, such as -CH=CH-, 
-C(CH 3 )=CH-, -CH 2 -CH=CH-CH 2 -, or -CH=CH-CH=CH-; an arylene group such as a 
phenylene group, a naphthylene group, or a phenanthrylene group that may have a 
substituent; or direct bonding, Ar 1 , Ar 2 , Ar 3 , and Ar 4 are preferably a phenyl group, a 
naphthyl group, an anthryl group, a biphenyl group, a pyridyl group, or a thienyl group 
that may have a substituent, and the substituents are a halogen atom; an alkyl group 
having 1 to 6 carbon atoms, such as a methyl group or an ethyl group; an alkenyl group 
such as a vinyl group; an alkoxycarbonyl group having 1 to 6 carbon atoms, such as a 
methoxycarbonyl group or an ethoxycarbonyl group; an alkoxy group having 1 to 6 
carbon atoms, such as a methoxy group or a ethoxy group; an aryloxy group such as a 
phenoxy group or a benzyloxy group; a dialkylamino group such as a diethylamino 
group or a diisopropylamino group. 

[0026] R 1 , R 2 , R 3 , and R 4 are preferably a hydrogen atom; a halogen atom; a hydroxyl 
group; an alkyl group having 1 to 6 carbon atoms, such as a methyl group and a ethyl 
group; an a-haloalkyl group; an alkenyl group such as a vinyl group; an aromatic 
hydrocarbon group such as a phenyl group and a biphenyl group; an alkoxycarbonyl 
group having 1 to 6 carbon atoms, such as a methoxycarbonyl group and an 
ethoxycarbonyl group; an alkoxy group having 1 to 6 carbon atoms, such as a methoxy 
group and an ethoxy group; an aryloxy group such as a phenoxy group and a benzyloxy 
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group; a dialkylamino group such as a diethylamino group and a diisopropylamino 
group; or a diarylamino group such as a dibenzylamino group and a diphenylamino 
group, where the saturated or unsaturated aliphatic hydrocarbon group, the aromatic 
hydrocarbon group, the alkoxy group, the aryloxy group, the dialkylamino group, and 
the diarylamino group may have a substituent. 

[0027] Next, specific examples of the compound represented by the general formula (I) 

are listed in the following tables. However, the compound is not limited to these 

examples. 

[0028] 

[Table 1] 

[0029] 

[Table 2] 

[0030] 

[Table 3] 

[0031] In the general formula (II), X 2 is preferably an alkylene group that may have a 
substituent, such as -CH 2 -, -CH 2 -CH 2 -, or -CH 2 CH 2 CH 2 -; a cycloalkylene group such as 
a cyclohexylene group; an alkenylene group that may have a substituent, such as 
-CHNCH-, -C(CH 3 )=CH-, -CH 2 -CH=CH-CH 2 -, or -CH=CH-CH=CH-; an arylene group 
such as a phenylene group, a naphthylene group, or a phenanthlene group that may have 
a substituent; or a bivalent carbonyl group, Ar 5 , Ar 6 , Ar 7 , and Ar 8 are preferably a 
phenyl group, a naphthyl group an anthryl group, a biphenyl group, a pyridyl group, or a 
thienyl group that each independently may have a substituent, and the substituents are a 
halogen atom; an alkyl group having 1 to 6 carbon atoms, such as a methyl group or an 
ethyl group; an alkenyl group such as a vinyl group; an alkoxycarbonyl group having 1 
to 6 carbon atoms, such as a methoxycarbonyl group or an ethoxycarbonyl group; an 
alkoxy group having 1 to 6 carbon atoms, such as a methoxy group or a ethoxy group; 
an aryloxy group such as a phenoxy group or a benzyloxy group; a dialkylamino group 
such as a diethylamino group or a diisopropylamino group. 

[0032] R 5 , R 6 , R 7 , and R 8 are preferably, each independnetly a hydrogen atom; a 
halogen atom; a hydroxyl group; an alkyl group having 1 to 6 carbon atoms, such as a 
methyl group and a ethyl group; an a-haloalkyl group; an alkenyl group such as a vinyl 
group; an aromatic hydrocarbon group such as a phenyl group and a biphenyl group; an 
alkoxycarbonyl group having 1 to 6 carbon atoms, such as a methoxycarbonyl group 
and an ethoxycarbonyl group; an alkoxy group having 1 to 6 carbon atoms, such as a 
methoxy group and an ethoxy group; an aryloxy group such as a phenoxy group and a 
benzyloxy group; a dialkylamino group such as a diethylamino group and a 



diisopropylamino group; or a diarylamino group such as a dibenzylamino group and a 
diphenylamino group, where the saturated or unsaturated aliphatic hydrocarbon group, 
the aromatic hydrocarbon group, the alkoxy group, the aryloxy group, the dialkylamino 
group, and the diarylamino group may have a substituent. 

[0033] Next, major specific examples of the compound represented by the general 
formula (II) are listed in the following table. However, the compound is not limited to 
these examples. 
[0034] 
[Table 4] 

[0035] In the general formula (III), preferably, Y and Z are an oxygen atom or a sulfur 
atom, and R 9 to R 20 are a hydrogen atom; a halogen atom; a hydroxyl group; an alkyl 
group having 1 to 6 carbon atoms, such as a methyl group and a ethyl group; an 
oc-haloalkyl group; an alkenyl group such as a vinyl group; an aromatic hydrocarbon 
group such as a phenyl group and a biphenyl group; an alkoxycarbonyl group having 1 
to 6 carbon atoms, such as a methoxycarbonyl group and an ethoxycarbonyl group; an 
alkoxy group having 1 to 6 carbon atoms, such as a methoxy group and an ethoxy 
group; an aryloxy group such as a phenoxy group and a benzyloxy group; a 
dialkylamino group such as a diethylamino group and a diisopropylamino group; or a 
diarylamino group such as a dibenzylamino group and a diphenylamino group, where 
the saturated or unsaturated aliphatic hydrocarbon group, the aromatic hydrocarbon 
group, the alkoxy group, the aryloxy group, the dialkylamino group, and the 
diarylamino group may have a substituent. 

[0036] Next, major specific examples of the compound represented by the general 

formula (III) are listed in the following tables. However, the compound is not limited 

to these examples. 

[0037] 

[Table 5] 

[0038] 

[Table 6] 

[0039] In the general formula (IV), A 9 , A 10 , A 11 , and A 12 are preferably a phenyl group, 
a naphthyl group, an anthryl group, a biphenyl group, a pyridyl group, or a thienyl 
group that may have a substituent, and as the substituent, a halogen atom; an alkyl 
group having 1 to 6 carbon atoms, such as a methyl group and a ethyl group; an alkenyl 
group such as a vinyl group; an alkoxycarbonyl group having 1 to 6 carbon atoms, such 
as a methoxycarbonyl group and an ethoxycarbonyl group; an alkoxy group having 1 to 
6 carbon atoms, such as a methoxy group and an ethoxy group; an aryloxy group such 
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as a phenoxy group and a benzyloxy group; and a dialkylamino group such as a 
diethylamino group and a diisopropylamino group are cited. 

[0040] R 21 to R 27 are preferably a hydrogen atom; a halogen atom; a hydroxyl group; an 
alkyl group having 1 to 6 carbon atoms, such as a methyl group and a ethyl group; an 
a-haloalkyl group; an alkenyl group such as a vinyl group; an aromatic hydrocarbon 
group such as a phenyl group and a biphenyl group; an alkoxycarbonyl group having 1 
to 6 carbon atoms, such as a methoxycarbonyl group and an ethoxycarbonyl group; an 
alkoxy group having 1 to 6 carbon atoms, such as a methoxy group and an ethoxy 
group; an aryloxy group such as a phenoxy group and a benzyloxy group; a 
dialkylamino group such as a diethylamino group and a diisopropylamino group; or a 
diarylamino group such as a dibenzylamino group and a diphenylamino group, where 
the saturated or unsaturated aliphatic hydrocarbon group, the aromatic hydrocarbon 
group, the alkoxy group, the aryloxy group, the dialkylamino group, and the 
diarylamino group may have a substituent. 

[0041] Next, major specific examples of the compound represented by the general 
formula (IV) are listed in the following table. However, the compound is not limited 
to these examples. 
[0042] 
[Table 7] 

[0043] In the general formula (V), X 3 is preferably -CH=; a benzene residue that has 1-, 
3-, and 5-hydrogen atoms removed; a cyclohexane residue that has 1-, 3-, and 
5-hydrogen atoms removed; or a nitrogen atom, Ar 13 to A 18 are preferably a phenyl 
group, a naphthyl group, an anthryl group, a biphenyl group, a pyridyl group, or a 
thienyl group that may have a substituent, and as the substituent, a halogen atom; an 
alkyl group having 1 to 6 carbon atoms, such as a methyl group and a ethyl group; an 
alkenyl group such as a vinyl group; an alkoxycarbonyl group having 1 to 6 carbon 
atoms, such as a methoxycarbonyl group and an ethoxycarbonyl group; an alkoxy group 
having 1 to 6 carbon atoms, such as a methoxy group and an ethoxy group; an aryloxy 
group such as a phenoxy group and a benzyloxy group; a dialkylamino group such as a 
diethylamino group and a diisopropylamino group are cited. 

[0044] Next, major specific examples of the compound represented by the general 
formula (V) are listed in the following table. However, the compound is not limited to 
these examples. 
[0045] 
[Table 8] 

[0046] The organic hole transporting layer 3 described above is formed by laminating 
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the aromatic amine compounds on the anode 2 by a coating method or a vacuum 
deposition method. In the case of coating, a coating solution is prepared by adding and 
dissolving two or more kinds of aromatic amine compounds and if necessary, an 
additive such as a binder resin that traps no holes or an agent for improving coating 
properties such as a leveling agent, applied on the anode 2 by a method such as spin 
coating, and dried to form the organic hole transporting layer 3. As the binder rein, 
polycarbonates, polyarylates, polyesters, and the like are cited. When a large amount 
of binder resin is added, the hole mobility is decreased. Therefore, a small amount of 
binder rein is desirable, and preferably 50 weight% or less. 

[0047] The film thickness of the organic hole transporting layer is typically 10 to 300 
nm, and preferably 30 to 100 nm. In order to form this thin film uniformly, a vacuum 
deposition method is often used. In the vacuum deposition method, a method of 
deposition by heating two or more kinds of aromatic amine compounds, to be 
evaporation materials, mixed in advance at a predetermined mixing ratio, a 
simultaneous multiple deposition method of evaporating two or more aromatic amine 
compounds independently and controlling the composition of a film by the deposition 
rates of the respective evaporation sources, and the like are preferable. 
[0048] As for the mixing ratio, for example in the case of mixing two aromatic amine 
compounds, it is preferable that one of the compounds be mixed at 1 to 50 weight% 
with respect to the other. In case of forming the above-described organic hole 
transporting layer, doping with metal complexes and/or metal salts with aromatic 
carboxylic acids (Japanese Patent Laid-Open No. 4-320484), benzophenone derivatives 
and thiobenzophenone derivatives (Japanese Patent Laid-Open No. 5-295361), or 
fullerenes (Japanese Patent Laid-Open No. 5-331458) as acceptors can be further 
carried out in concentrations of 10" 3 to 10 weight% to generate holes as free carriers and 
result in low voltage driving. 

[0049] The organic light-emitting layer 4 is provided on the organic hole transporting 
layer 3, which is formed by using a compound that is capable of transporting electrons 
from the cathode toward the organic hole transporting layer efficiently between the 
electrodes with an electric field applied. The compound to be used for the organic 
light-emitting layer 4 needs to be a compound that has a high efficiency of injecting 
electrons from the cathode 5 and is capable of transporting the injected electrons 
efficiently. Therefore, a compound is required which has a large electron affinity, even 
has an large electron mobility, further has great stability, and is not likely to produce 
impurities leading to traps in manufacturing and in use. In addition, the role of 
producing luminescence in recombination of a hole with an electron is also required for 
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the compound. Further, it is also important for the compound to provide a uniform 
thin-film shape without defects in making the area of the element larger as well as the 
organic hole transporting layer. 

[0050] In the present invention, the main component of the organic light-emitting layer 
4 is an aluminum complex with an 8 - hyroxyquinoline as a ligand, and the mixed 
component is a metal complex with an 8 - hydroxyquinoline as a ligand and a metal 
different from aluminum as a central metal. Here, the 8 - hydroxyquinolines include 
derivatives thereof. The structure formula of the above-described metal complex with 
the 8 - hydroxyquinoline as a ligand is represented by the following general formula 
(VI): 
[0051] 

[Chemical Formula 6] 

[0052] In the general formula (VI), R 31 to R 36 are preferably a hydrogen atom; a 
halogen atom such as a chlorine atom, a bromine atom, or an iodine atom; an alkyl 
group having 1 to 6 carbon atoms, such as a methyl group or an ethyl group; an 
a-holoalkyl group; an aralkyl group such as a benzyl group or a phenethyl group; a 
cyano group; a sulfonyl group; an amino group; a dimethylamino group; an 
alkoxycarbonyl group having a 1 to 6 carbon atoms, such as a methoxycarbonyl group 
or an ethoxycarbonyl group; a carboxyl group; an alkoxy group having 1 to 6 carbon 
atoms, such as a methoxy group or an ethoxy group; an a-holoalkoxy group; an 
aromatic hydrocarbon group such as a phenyl group, a naphthyl group, acenaphthyl 
group, or anthryl group; an aromatic heterocycle group such as a pyridyl group, a 
thienyl group, or a furyl group; or the like, and as a substituent substituted in the 
aromatic hydrocarbon group or the aromatic heterocycle group, an alkyl group having 1 
to 6 carbon atoms, such as a methyl group or an ethyl group; a lower alkoxy group such 
as a methoxy group; an aryloxy group such as a phenoxy group or a trioxy group; an 
arylalkoxy group such as a benzyloxy group; an aryl group such as a phenyl group or a 
naphthyl group; and a substituted amino group such as a dimethylamino group are cited. 
In particular, the hydrogen atom, the halogen atom such as a chlorine atom, the alkyl 
group having 1 to 6 carbon atoms, or the alkoxy group having 1 to 6 carbon atoms is 
preferably selected. 

[0053] More preferably, R 31 is selected from a hydrogen atom and an alkyl group such 
as a methyl group, R 32 is a hydrogen atom, R 33 is selected from a hydrogen atom; an 
alkyl group such as a methyl group or an ethyl group; and an alkoxy group such as a 
methoxy group, R 34 and R 35 are selected from a hydrogen atom; a halogen atom such as 
a chlorine atom or a bromine atom; a cyano group; and a sulfonyl group, and R 36 is 
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selected from a hydrogen atom and an alkyl group such as a methyl group. 
[0054] M is a metal atom, and n depends on the valence of the metal atom, where n is 2 
in the case of a bivalent metal or 3 in the case of a trivalent metal. Preferred metals 
include zinc, beryllium, magnesium, calcium, strontium, cadmium, aluminum, gallium, 
indium, yttrium, scandium, and the like. The main component of the organic 
light-emitting layer 4 is an aluminum complex with an 8 - hyroxyquinoline as a ligand, 
and as the mixed component, a metal complex with two 8 - hyroxyquinolines coordinate 
is preferable for forming a uniform amorphous film, where zinc, beryllium, and 
magnesium are particularly cited as such a central metal. 

[0055] Preferred specific examples of the aluminum complex as the main component 
include, but are not limited to, tris (8 - hydroxyquinolinolato) aluminum, tris (3, 4 - 
dimethyl - 8 - hydroxyquinolinolato) aluminum, tris (4 - methyl - 8 - 
hydroxyquinolinolato) aluminum, tris (4 - methoxy - 8 - hydroxyquinolinolato) 
aluminum, tris (4, 5 - dimethyl - 8 - hydroxyquinolinolato) aluminum, tris (4, 6 - 
dimethyl - 8 - hydroxyquinolinolato) aluminum, tris (5 - chloro - 8 - 
hydroxyquinolinolato) aluminum, tris (5 - bromo - 8 - hydroxyquinolinolato) aluminum, 
tris (5, 7 - dichloro - 8 - hydroxyquinolinolato) aluminum, tris (5 - cyano - 8 - 
hydroxyquinolinolato) aluminum, tris (5 - sulfonyl - 8 - hydroxyquinolinolato) 
aluminum, and tris (7 - n - propyl - 8 - hydroxyquinolinolato) aluminum. 
[0056] Specific examples of the metal complex with a different metal from aluminum as 
a central metal, which is the mixed component, include, but are not limited to, bis (8 - 
hydroxyquinolinolato) zinc, bis (2 - methyl - 8 - hydroxyquinolinolato) zinc, bis (2, 4 - 
dimethyl - 8 - hydroxyquinolinolato) zinc, bis (2 - methyl - 5 - chloro - 8 - 
hydroxyquinolinolato) zinc, bis (2 - methyl - 5 - cyano - 8 - hydroxyquinolinolato) zinc, 
bis (3, 4 - dimethyl - 8 - hydroxyquinolinolato) zinc, bis (4, 6 - dimethyl - 8 - 
hydroxyquinolinolato) zinc, bis (5 - chloro - 8 - hydroxyquinolinolato) zinc, and bis (5, 
7 - dichloro - 8 - hydroxyquinolinolato) zinc; bis (8 - hydroxyquinolinolato) beryllium, 
bis (2 - methyl - 8 - hydroxyquinolinolato) beryllium, bis (2, 4 - dimethyl - 8 - 
hydroxyquinolinolato) beryllium, bis (2 - methyl - 5 - chloro - 8 - hydroxyquinolinolato) 
beryllium, bis (2 - methyl - 5 - cyano - 8 - hydroxyquinolinolato) beryllium, bis (3, 4 - 
dimethyl - 8 - hydroxyquinolinolato) beryllium, bis (4, 6 - dimethyl - 8 - 
hydroxyquinolinolato) beryllium, bis (5 - chloro - 8 - hydroxyquinolinolato) beryllium, 
and bis (5, 7 - dichloro - 8 - hydroxyquinolinolato) beryllium; and bis (8 - 
hydroxyquinolinolato) magnesium, bis (2 - methyl - 8 - hydroxyquinolinolato) 
magnesium, bis (2, 4 - dimethyl - 8 - hydroxyquinolinolato) magnesium, bis (2 - methyl 
- 5 - chloro - 8 - hydroxyquinolinolato) magnesium, bis (2 - methyl - 5 - cyano - 8 - 
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hydroxyquinolinolato) magnesium, bis (3, 4 - dimethyl - 8 - hydroxyquinolinolato) 
magnesium, bis (4, 6 - dimethyl - 8 - hydroxyquinolinolato) magnesium, bis (5 - chloro 
- 8 - hydroxyquinolinolato) magnesium, and bis (5, 7 - dichloro - 8 - 
hydroxyquinolinolato) magnesium. 

[0057] It is to be noted that the 8 - hyroxyquinolines to serve as the ligands of the 
aluminum complex that is the main component and the metal complex that is the mixed 
component may be identical or different. It is preferable that the mixed component to 
be mixed in the organic light-emitting layer have a concentration in the range of 1 to 80 
weight%, in particular 10 to 50 weight%. The film thickness of the organic 
light-emitting layer is typically 10 to 200 nm, and preferably 30 to 100 nm. 
[0058] In the present invention, a uniform element without defects over a large area can 
be obtained by the organic light-emitting layer composed of a mixture of an aluminum 
complex with an 8 - hydroxyquinoline as a ligand and a metal complex with an 8 - 
hydroxyquinoline as a ligand and a metal different from aluminum as a central metal. 
For the purposes of changing the luminescent color of an element in addition to 
improving the luminous efficiency thereof, for example, an aluminum complex with an 
8 - hydroxyquinoline as a host material is also doped with a fluorescent dye for laser, 
such as a coumarin (J. Appl. Phys., Vol. 65, p. 3610 (1989)). Also in the present 
invention, the luminance property of the element can be more improved by doping the 
above-described organic light-emitting layer 4 with a further 10" 3 to 10 weight% of 
organic fluorescent material such as a laser dye. 

[0059] As the structure of the organic electroluminescent element according to the 
present invention, layered structures as described are cited, which are: an anode/an 
organic hole transporting layer/an organic light-emitting layer/a cathode; an anode/an 
organic hole transporting layer/an organic light-emitting layer/an electron transporting 
layer/a cathode; an anode/an organic hole transporting layer/an organic light-emitting 
layer/an interface layer/a cathode; an anode/an organic hole transporting layer/an 
organic light-emitting layer/an electron transporting layer/an interface layer/a cathode. 
In the above-described layered structures, the electron transporting layer is for further 
improving the efficiency of the element, and stacked on the organic light-emitting layer. 
The compound that is used for this electron transporting layer is required to facilitate 
electron injection from the cathode and have a further large electron transporting ability. 
As such an electron transporting material, oxadiazole derivatives such as: 
[0060] 

[Chemical Formula 7] 
[0061] 
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[Chemical Formula 8] 

[0062] (Appl. Phys. Lett., Vol. 55, p. 1489 (1989); Jpn. J. Appl. Phys., Vol. 31, p. 1812 
(1992)) and systems of those derivatives dispersed in resins such as PMMA (Appl. Phys. 
Lett., Vol. 61, p. 2793 (1992)), an n-type hydrogenated amorphous silicon carbide, an 
n-type zinc sulfate, an n-type zinc selenide, and the like are cited. The film thickness 
of the electron transporting layer is typically 5 to 200 nm, and preferably 10 to 100 nm. 
[0063] In addition, likewise in the above-described layered structures, the interface 
layer is for improving the contact between the cathode and the organic layers, and an 
aromatic diamine compound (Japanese Patent Application No. 5-48075), a quinacridone 
compound (Japanese Patent Application No. 5-116204), a naphthacene derivative 
(Japanese Patent Application No. 5-116205), an organic silicon compound (Japanese 
Patent Application No. 5-116206), an organic phosphorous compound (Japanese Patent 
Application No. 5-116207), and the like are cited as the interface layer. The film 
thickness of the interface layer is typically 2 to 100 nm, and preferably 5 to 30 nm. 
Instead of providing the interface layer, a region containing the above-described 
interface layer material at 50 weight% or more may be provided near the interfaces 
between the cathode and the organic light-emitting layer and between the cathode and 
the electron transporting layer. 

[0064] It is to be noted that the inverted structure from FIG 1 is possible, namely, it is 
possible to stack the cathode 5, the organic light-emitting layer 4, the organic hole 
transporting layer 3, and the anode 2 in this order on a substrate, and as described above, 
it is also possible to provide an organic electroluminescent element according to the 
present invention between two substrates of which at least one has high transparency. 
In the same way, stacking can be also carried out for the inverted structures to each of 
the layered structures. 
[0065] 

[Examples] Next, the present invention will be described more specifically with 
examples. However, the present invention is not to be considered limited to the 
descriptions of the following examples unless the spirit thereof is exceeded. 
Example 1 

A simple matrix panel with an organic electroluminescent element that has the structure, 
as shown in FIG 2, was manufactured by the following method. 

[0066] A 120 nm transparent conductive film of an indium tin oxide (ITO) deposited on 
a glass substrate that have a size of 50 mm x 50 mm x 1 mm was processed by using 
photolithography and etching with a hydrochloric acid to manufacture thirty-two anode 
wirings (2a) and two ITO wiring portions (5b and 5c) for leading sixteen cathode 
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wirings. Each anode wiring was made to have a length of 33.2 mm, a width of 0.4 mm, 
and a pitch of 0.8 mm. Each cathode wiring leading portion was made to have a width 
of 0.4 mm and a pitch of 0.8 mm. The ITO substrate processed as described above 
was subjected to ultrasonic cleaning with acetone, washed with pure water, subjected to 
ultrasonic cleaning with isopropyl alcohol, dried with dry nitrogen, subjected to 
UV/ozone cleaning, then placed in a vacuum deposition apparatus, and an oil diffusion 
pump provided with a liquid-nitrogen trap was used to carry out evacuation until the 
vacuum in the apparatus was 2 * 10* 6 Torr or less. 

[0067] The following two kinds of an aromatic amine (I- II; Table 2) and an aromatic 
amine (1-2; Table 1) put in separate ceramic crucibles in advance as materials for an 
organic hole transporting layer were heated by a tantalum wire heater around the 
crucibles to carry out simultaneous dual deposition. 
[0068] 

[Chemical Formula 9] 
[0069] 

[Chemical Formula 10] 

[0070] At this point, the temperature of the crucible for the aromatic amine (1-11) was 
controlled in the range of 170 to 180 °C, and the temperature of the crucible for the 
aromatic amine (1-2) was controlled in the range of 1 70 to 1 80 °C. At the vacuum of 9 
x 10" 7 Torr during the deposition, for a deposition time of 1 minute and 30 seconds, an 
organic hole transporting layer 60 nm in film thickness with the aromatic amine (1-2) 
mixed at 24 weight% was obtained. Next, the following two kinds of an aluminum 
complex (El) with an 8 - hydroxyquinoline and a zinc complex (E2) put in separate 
ceramic crucibles in advance as materials for an organic light-emitting layer were 
heated by a tantalum wire heater around the crucibles to carry out simultaneous dual 
deposition. 
[0071] 

[Chemical Formula 11] 
[0072] 

[Chemical Formula 12] 

[0073] At this point, the temperature of the crucible for the aluminum complex (El) was 
controlled in the range of 220 to 230 °C, and the temperature of the crucible for the zinc 
complex (E2) was controlled in the range of 230 to 240 °C. At the vacuum of 8 x 10' 7 
Torr during the deposition, for a deposition time of 1 minute, an organic light-emitting 
layer 75 nm in film thickness with the zinc complex (E2) mixed at a concentration of 28 
weight% was obtained. After stacking the organic layers by deposition, the 
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above-described element was taken out from the vacuum deposition apparatus, a 
stainless-steel shadow mask was attached to the element for providing sixteen cathode 
wirings, the element was placed in another vacuum deposition apparatus, and evaluation 
operation was carried out in the same way as in the case of depositing the organic layers. 
As the cathodes, alloy electrodes of magnesium and silver were deposited by 
simultaneous dual deposition to have a film thickness of 150 nm. The film with luster 
was obtained by using a molybdenum boat for the deposition at the vacuum of 6 x 10" 6 
Torr for a deposition time of 3 minutes and 30 seconds. The atomic ratio of 
magnesium and silver was 10 : 1.2. In this way, sixteen cathode wirings (5a) was 
manufactured. The cathode wirings were made to have a length of 26.8 mm, a width 
of 0.4 mm, and a pitch of 0.8 mm. FIGS.3 and 4 shows cross-sectional views of cross 
section structure of the above-described simple matrix panel along the lines X-X and 
Y-Y, respectively, where each cathode wiring is provided with a portion (5c) overlapped 
with the cathode wiring leading portion (5b) manufactured from the ITO in advance, 
and this portion (5c) provides contact. 

[0074] Plus and minus direct-current voltages were applied respectively to each anode 
wiring (2) and cathode wiring of the thus manufactured simple matrix panel with the 
organic electroluminescent element to make each of 32 x 1 6 dots emit light, the number 
of defective dots was checked, and it was found that there was no defective dot at all, 
and the simple matrix panel was capable of character display and graphic display. 
[0075] Comparative Example 1 

A simple matrix panel with 32 x 16 dots was manufactured in the same way as in 
Example 1 but mixing no aromatic amine (1-11) in an organic hole transporting layer 
and no aluminum complex (El) in an organic light-emitting layer, and it was found that 
the percentage of defective dots was 44 %. Non-selected line emitted light so that it 
was not possible to display meaningful characters. 

[0076] The aromatic amine (1-11) was put in two ceramic crucibles, the aluminum 
complex (El) was also put in two ceramic crucibles in the same way, and for each of an 
organic hole transporting layer and an organic light-emitting layer, the same compound 
was deposited from the two crucibles in different locations in a deposition apparatus to 
manufacture a simple matrix panel with 32 x 16 dots in the same way as described 
above. However, the number of defective dots was not improved. 
[0077] Comparative Example 2 

A simple matrix panel with 32 x 16 dots was manufactured in the same way as in 
Example 1 but forming an organic hole transporting layer by using only the aromatic 
amine (I- 11), and it was found that the percentage of defective dots was 16 %. When 
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character display was carried out, unnecessary dots emitted light to result in fuzzy 
character display. This has proved that mixing only in the organic light-emitting layer 
is insufficient. 

[0078] Comparative Example 3 

A simple matrix panel with 32 * 16 dots was manufactured in the same way as in 
Example 1 but forming an organic light-emitting layer by using only the aluminum 
complex (El), and it was found that the percentage of defective dots was 6 %. 
Although these defective dots are non light-emitting, no short circuit is completely 
caused, and it is believed that leakage only from the organic light-emitting layer is 
caused. As a result, when character display was carried out, only low-quality character 
display was obtained due to the non light-emitting dots. This has proved that mixing 
only in the organic hole transporting layer is insufficient. 
[0079] Example 2 

A simple matrix panel with 32 x 16 dots was manufactured in the same way as in 
Example 1 but using an aromatic amine (1-14) represented below in an organic hole 
transporting layer, instead of the aromatic amine (1-2), and it was found that no 
defective dot was produced at all. 
[0080] 

[Chemical Formula 13] 
[0081] Example 3 

A simple matrix panel with 32 x 16 dots was manufactured in the same way as in 
Example 1 but using a beryllium complex (E3) represented below in an organic 
light-emitting layer, instead of the zinc complex (E-2). It was found that no defective 
dot was observed at all. 
[0082] 

[Chemical Formula 14] 
[0083] 

[Effect of the Invention] According to an organic electroluminescent element of the 
present invention, an anode, an organic hole transporting layer, an organic light-emitting 
layer, and a cathode are sequentially provided on a substrate, and in addition, specific 
compounds are mixed and used for each of the organic hole transporting layer and the 
organic light-emitting layer. Therefore, large-area light sources without defects such 
as short circuits and matrix driving dot panels without defects in display can be obtained. 
Accordingly, the organic electroluminescent element according to the present invention 
is considered to be applied to the field of flat panel displays (for example, displays for 
OA computers and wall-hanging televisions), light sources making use of a feature as a 
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plane light emitter (for example, light sources for copying machines and facsimiles and 
backlight sources for liquid crystal displays and instruments), display boards, and 
marker lights, and provides great technical value. 
[Brief Description of the Drawings] 

[FIG 1] a schematic cross-sectional view showing an example of an organic 
electroluminescent element according to the present invention 

[FIG 2] a plan view of a panel using an organic electroluminescent element according 
to the present invention 

[FIG 3] a cross-sectional view of FIG 2 along the line X-X 
[FIG 4] a cross-sectional view of FIG 2 along the line Y-Y 
[Explanation of the Reference Numerals and Signs] 

1 substrate 

2 anode 

2a anode wiring lines 

3 organic hole transporting layer 

4 organic light-emitting layer 

5 cathode 

5a cathode wiring lines 

5b cathode wiring leading portion 

5c overlap portion of the cathode with the cathode wiring leading portion 

6 organic layer 
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